Abstract The aim of this study is to assess the difficulty of intracorporeal suturing in single-port surgery, using experimental suturing model in dry box. Subjects were divided for three groups: seven experienced laparoscopic surgeons, seven surgical residents, and seven interns. An experimental suturing model is developed, and working angle was set from 0°to 90°. The completion rate in 0°was significantly lower than that in the other angles. Completion rate of group A was higher than that of the other groups. Precision of task in group A was significantly higher than that of group B and group C in 0°and 60°. Stress score in 0°were significantly higher than that in the other angles. Our study demonstrated that intracorporeal suturing in single-port surgery seems to be more difficult than conventional laparoscopic surgery. Our data should be taken the institution under consideration for introduction of single-port surgery.
Main Text
The use of single-port surgery (SPS) is rapidly increasing. SPS was first reported by Navarra et al. [1] , who performed a cholecystectomy using SPS in 1997. At our institution, SPS has been performed since July 2008 and is now used for appendectomy, cholecystectomy, colectomy, and gastrectomy.
Several clinical studies have reported on the increased difficulty of SPS compared with standard laparoscopic surgery, based on operative time and surgeon perception [2] [3] [4] [5] .
The aim of this study was to assess the difficulty of intracorporeal suturing in SPS using an experimental suturing model in a dry box. Suturing is considered to be one of the most difficult laparoscopic skills due to its complexity and intricacy but is required in various advanced laparoscopic procedures [6, 7] . In clinical settings, measurements of differences in technical performance between procedures may be complicated by variations in patient anatomy, case difficulty, interactions between the surgeon and assistant, rater bias, and other factors. In contrast, a laboratory setting allows standardized tasks to be compared in a controlled, safe environment. There are currently few reports of studies that objectively or subjectively evaluated the difficulty of SPS in this way. We assessed the difficulty of intracorporeal suturing in SPS.
Materials and Methods

Subjects
This study was conducted in the Department of Gastroenterological Surgery at the Ishikawa Prefectural Central Hospital, Japan. A total of 21 surgeons were divided into the three groups according to their experience as an operator in laparoscopic surgery: seven experienced laparoscopic surgeons (group A), seven surgical residents (group B), and seven interns (group C). Surgeons in group A had obtained the laparoscopic surgery certification of the Japan Society for Endoscopic Surgery. Surgical residents had been enrolled in postgraduate courses for 3 to 15 years. The interns had not performed laparoscopic surgery before. None of the subjects had any previous experience with the task in the specialized dry box. Consent was obtained from all subjects before inclusion in the study.
Apparatus
The subjects performed tasks in a specialized dry box (Richard Wolf, Knittlingen, Germany) using conventional needle drivers (Karl Storz, Tuttlingen, Germany). The specialized box had a custom-made cover containing a single 3.0-cm opening positioned between the usual port positions, through which an EZ Access (70 × 70 mm, Hakko Co., Nagano, Japan) was inserted. Two conventional needle drivers were used through the EZ Access trocar port (5 mm, Hakko Co.) Visualization was provided through an Excel port (120 mm, Echicon Endo-Surgery Inc., Cincinnati, OH) using a 10 mm, standard length, 30°laparoscope fitted with a 90°light cord adapter (Karl Storz). The monitor was placed directly facing the surgeon at a distance of 1 m with the center of the monitor at eye level. The elevation angle was fixed at 60°, and manipulation angles of 0°, 30°, 45°, 60°, and 90°were assessed. The manipulation angle was the angle between the two instruments (active and assisting). The elevation angle was the angle between the instrument and the horizontal plane.
Task
Each subject performed the intracorporeal suturing task in the specialized dry box three times at each of the manipulation angles. The task consisted of grasping a needle, penetrating the suture pad with the needle at the marked point, and tying a knot in the 150-mm length of 2/0 Vicryl (Ethicon) inserted through the suture pad. The time limit was 5 min per task. If the subjects could not perform the task, the execution time was recorded as 5 min.
Endpoints
The endpoints were the completion rate, execution time, precision, and stress experienced by the surgeon. Precision was evaluated by whether the stitch penetrated the marked point. Stress experienced by the surgeon was evaluated using a questionnaire, which asked subjects to rate each procedure on the following scale: 1, very easy; 2, easy; 3, neutral; 4, difficult; or 5, very difficult.
Statistical Analysis
Statistical analysis was performed using Y-Stat version 7.0 (2008). As the execution times, precision scores, and stress scores were not normally distributed, nonparametric tests were used to compare these data, including the KruskalWallis one-way analysis of variance and the Mann-Whitney U test with Bonferroni correction. Data are expressed as the median. Completion rates were compared using the Pearson χ 2 test. Statistical significance was set at P < 0.05.
Results
Comparisons Among Manipulation Angles
The completion rate was significantly lower at a manipulation angle of 0°than at 30°, 45°, 60°, and 90°(P < 0.05). There were no significant differences in completion rates among the angles of 30°, 45°, 60°, and 90°(P > 0.05).
At a manipulation angle of 0°, the suturing task was completed within the allotted time of 5 min by 19 % of the subjects. The 0°manipulation angle had the longest execution time, but there were no significant differences in execution times among any of the angles (P > 0.05). The precision score was significantly higher at manipulation angles of 30°and 45°t han at 0°(P < 0.05). The stress score was significantly higher at a manipulation angle of 0°than at 30°, 45°, 60°, and 90°( P < 0.05) ( Table 1) .
Comparisons Within Groups
Group A had the highest completion rate (A, 42.8 %; B, 14.2 %; C, 0 %) (P < 0.05) ( Table 1 ). The execution time was significantly shorter in groups A and B than in group C at manipulation angles of 30°, 45°, 60°, and 90°(90°, P = 0.0008; 60°, P = 0.001; 45°, P = 0.001; 30°, P = 0.002) (Fig. 1) . The precision score was significantly higher in group A than in groups B and C at manipulation angles of 0°and 60°( 60°, P = 0.01; 0°, P = 0.001) (Fig. 2) . The precision score at 45°was significantly higher in groups A and B than in group C (P = 0.028) (Fig. 2 ). There were no significant differences in stress scores among the three groups (P > 0.05) (Fig. 3) .
Experienced Laparoscopic Surgeons
Among laparoscopic surgeons, the completion rate was 42.8 % (3/7). The execution time was significantly longer at a manipulation angle of 0°than at 30°, 45°, 60°, and 90°( P < 0.05). The manipulation angle of 0°had significantly higher stress scores than 30°, 45°, 60°, and 90°(P < 0.05). There were no significant differences in precision scores among the different angles (P > 0.05) (Fig. 4) .
Discussion
The aim of this study was to assess the difficulty of intracorporeal suturing in SPS using an experimental suturing model in a dry box. The recent consensus is that laparoscopic suturing should be an important part of a surgical training program [8] . It has been reported that assessment of laparoscopic suturing is useful for overall assessment of laparoscopic skills [9] . Furthermore, a recent study using a conventional needle driver in a surgical simulator demonstrated that laparoscopic suturing is superior to suturing in SPS [10] .
We hypothesized that intracorporeal suturing is more technically challenging in SPS than in standard laparoscopic surgery. We expected that performance would be significantly lower at a manipulation angle of 0°than at 30°, 45°, 60°, and 90°. We also hypothesized that even though intracorporeal suturing in SPS is difficult, experienced laparoscopic surgeons would be able to adapt their training and experience to this new technique. We compared performance among interns, surgical residents, and experienced laparoscopic surgeons.
In this study, we found that the completion rate was much lower at a manipulation angle of 0°than at 30°, 45°, 60°, and 90°. Group A had the highest completion rate. The execution time was the longest at 0°. Although there were no significant differences between groups A and B at manipulation angles of 30°, 45°, 60°, and 90°, there were significant differences between groups A and B at a manipulation angle of 0°. These results indicate that completion and precision are difficult at a manipulation angle of 0°. Completion of tasks with a manipulation angle of 0°requires a highly skilled and experienced operator.
SPS poses unique challenges in terms of triangulation, retraction, instrument crowding, and visibility. Yang et al. [11] demonstrated that the tasks used for standard laparoscopic surgery training are insufficient for SPS and that SPS training requires specialized tasks. In this study, we found that subjects with specific SPS training had superior outcomes to the other subjects. We therefore consider that SPS is difficult but that surgeons with specific training or experience in laparoscopic surgery can adapt their skills to perform SPS. Specific SPS training is more useful for improving SPS performance than standard laparoscopic surgery training alone [12] . SPS suturing is a difficult task to learn; techniques such as the Thumbs up! Knot and Tornado Knot can be adapted for SPS [13] . In our study, three of four people who had completed all tasks used these techniques. We suggested that these techniques made SPS easily for surgeon.
On the other hand, additional ports should be inserted in a minimally invasive manner. We suggest that surgeons should not hesitate to use them when performing minimally invasive surgery. Additional ports can be easily inserted without causing postoperative pain or an unsatisfactory cosmetic outcome. Additional ports are helpful for obtaining the proper manipulation angle in the laparoscopic view.
We acknowledge that the findings of this study are limited by the laboratory setting. This setting allowed us to control many aspects of the experiment, such as fixing the elevation at 60°, which is the recommended angle for SPS. Other limitations include the choice of trocar, instrument type, and laparoscope. Although there are several port types available for SPS, we used the EZ Access because this is the port that we use in the operating room. Other commercially available, multichannel, single-incision ports or multiple low-profile ports could have been used. Our choice of laparoscope could have affected performance, as we did not use a laparoscope specifically designed to provide an in-line view of the instruments to avoid intracorporeal and extracorporeal instrument collisions, transposed instrument viewing, and loss of triangulation. We kept the laparoscope position fixed, which may not occur in the operating room. As the number of subjects was small, the study did not have the power needed to detect statistically significant differences in all the parameters evaluated.
In summary, intracorporeal suturing is more technically challenging in SPS than in standard laparoscopic surgery. At a manipulation angle of 0°, experienced laparoscopic surgeons can achieve good outcomes; however, they do experience more stress and require longer execution times for 0°than for other angles. We therefore conclude that highly skilled laparoscopic surgeons can perform SPS satisfactorily. However, the associated increased stress and prolonged execution times may result in longer operation times and carry a higher risk of inadvertent injuries, anastomotic complications, and other technical problems. Surgeons should therefore obtain specific SPS training.
In conclusion, our study demonstrated that intracorporeal suturing is more difficult in SPS than in standard laparoscopic surgery. Our results suggested that additional ports should be inserted in a manipulation angle of 30°or 45°, which can keep the cosmetic and make the procedure easy in minimally invasive surgery. However, further and more extensive studies are necessary to confirm of the same assessment for subjects with the technique for SPS.
